Objective: Despite the rising number of patients with diabetes and hypertension in India, there is a dearth of nationwide, comprehensive prevalence data on these diseases. Our study aimed at collecting data on the prevalence of diabetes and hypertension and the underlying risk factors in various outpatient facilities throughout India. Methods: This cross-sectional study was planned to be conducted in 10 Indian states, one state at a time. It was targeted to enroll about 2,000 patients from 100 centers in each state. Each center enrolled the first 10 patients ( ‡ 18 years of age, not pregnant, signed consent) per day on two consecutive days. ''Diabetes'' and ''hypertension'' were defined by the 2008 American Diabetes Association and the Joint National Committee's 7 th Report guidelines, respectively. Patient data (demographics, lifestyle factors, medical history, and laboratory diagnostic results) were collected and analyzed. Results: During 2009-2010, in total, 15,662 eligible patients (54.8% males; mean age, 48.9 -13.9 years) from eight states were enrolled. Diabetes was prevalent in 5,427 (34.7%) patients, and 7,212 (46.0%) patients had hypertension. Diabetes and hypertension were coexistent in 3,227 (20.6%) patients. Among those whose disease status was not known at enrollment, 7.2% (793 of 11,028) and 22.2% (2,408 of 10,858) patients were newly diagnosed with diabetes and hypertension, respectively; additionally, 18.4% (2,031 of 11,028) were classified as having prediabetes and 60.1% (6,521 of 10,858) as having prehypertension. A positive association (P < 0.05) was observed between diabetes/hypertension and age, familial history of either, a medical history of cardiovascular disorders, alcohol consumption, and diet. Conclusions: Our study demonstrates that the substantial burden of diabetes and hypertension is on the rise in India. Patient awareness and timely diagnosis and intervention hold the key to limiting this twin epidemic.
Introduction H ypertension and diabetes, two of the major global risks for mortality, 1 are on a rapid rise in developing nations. In India, as per the 2011 estimates reported by the Indian Council of Medical Research-India Diabetes study, 62.4 and 77.2 million people have diabetes and prediabetes, respectively. 2 It is predicted that by 2030, India's diabetes burden will be almost 87 million people. 3 Additionally, there is an increasing prevalence of hypertension in the Indian population, especially in the urban areas. 4 Elevated blood pressure (BP) has been linked to ischemic heart disease, peripheral vascular diseases, stroke, myocardial infarction, and renal failure. 5 Hypertension and diabetes are important risk factors for cardiovascular disease. Given the increasing rates of coronary artery disease among Indians, especially at a younger age, 6 understanding and successfully managing hypertension and diabetes may hold the key to reducing cardiovascular mortality in India.
Diabetes and hypertension are also known to coexist in patients. The prevalence of hypertension is 1.5-2.0 times more in those with diabetes than in those without diabetes, whereas almost one-third of the patients with hypertension develop diabetes later. 7 This coexistence presents an increased risk and can accelerate vascular complications. 8, 9 Diabetes and hypertension are manageable health conditions and can be controlled by medicinal intervention, exercise, and diet. Moreover, detection of progenitors-prediabetes and prehypertension-through periodic surveillance can allow for early intervention and delay disease progression.
With an increasing burden of these diseases in India, public awareness and disease prevention projects need to be undertaken. Although studies have been carried out over the past few decades to estimate the prevalence of diabetes and hypertension, they were often small-scale and regional or carried out in a particular subset of the diverse Indian population. They also used older guidelines that have ever since been updated based on newer and evolving clinical information. Understanding the prevalence of diabetes and hypertension and their associated risk factors (hyperlipidemia, microalbuminuria, central obesity, etc.) in a larger and more diverse population using the current guidelines is therefore central to any meaningful evaluation of disease epidemiology.
One of the major goals of the Screening India's Twin Epidemic (SITE) study was to determine the prevalence of diabetes and hypertension in India. Toward this aim, the study was conducted in seven of the 10 most populous states in India and the National Capital Territory, so that the study patients are representative of the population at large. In this article, we present the findings on prevalence of known and new cases of diabetes and hypertension and on coexisting risk factors.
Subjects and Methods

Study design
The SITE study was a cross-sectional, multicentric, noninterventional, observational study carried out in India during 2009-2010. It was planned to be conducted in 10 states across five zones-East, West, North, South, and Central. Patients were recruited from one state at a time, with a target of 2,000 patients from 100 centers in each state. The study population was patients visiting their general practitioner. Eligibility criteria included patient's age ‡ 18 years, not pregnant, willing to undergo screening tests, and providing a signed consent. The first 10 eligible patients visiting the physician for whatever reasons were recruited on two consecutive days. The pilot phase of SITE was conducted in Maharashtra, followed by the remaining states. Additional study details have been reported earlier. 10 The SITE study was conducted in accordance with the guidelines for Good Epidemiological Practices 11, 12 and complied with the recommendations of the 18 th World Health Congress (Helsinki, Finland, 1964 ) and the local laws and regulations in India.
Assessments
Patient data were collected in two steps. During the first visit (V1) to the physician, the data collection form was used to gather information on demographics, personal medical history, family history of diabetes and hypertension, lifestyle practices (smoking, alcohol consumption, and diet), and other parameters pertinent to the study objectives. 10 The patient's BP was also recorded. At the end of the visit, patients received a coupon of identification and were told to report to the nearest predetermined diagnostic center within 2-5 days for further testing (V2).
BP was measured using a sphygmomanometer by the auscultatory method. Two readings were taken in a resting patient at a 5-min interval, and the average of the two readings was reported. In case of a difference of > 5 mm Hg in the readings, two more readings were taken in a similar manner, and the average of all readings was reported.
At the diagnostic center, patients' blood samples were analyzed for oral glucose tolerance test (OGTT) or fasting plasma glucose (FPG) levels.
For the pilot study (in Maharashtra), patients were analyzed for random blood sugar (RBS) levels during the physician's visit (V1), and at the subsequent laboratory visit (V2), patients with RBS ‡ 140 mg/dL were administered the OGTT. For patients recruited from the second state (Delhi), in lieu of RBS analysis at V1 and a consequent OGTT, patients were evaluated for FPG levels when diabetes status was not known. For patients recruited from the third state (Tamil Nadu) onward, irrespective of existing diabetes status, all patients were evaluated for FPG. Study procedures carried out are summarized in Table 1 .
Protocol amendment
A high patient dropout rate was observed in the pilot study for the OGTT because of logistic and procedural difficulty. Thus, for confirmation of diabetes from the second state onward, FPG, which can also be used as per American Diabetes Association recommendations, 13 was used instead of OGTT. Given the strong association between lifestyle factors (diet and alcohol consumption) and diabetes and hypertension, these factors were evaluated from the second state onward. FPG levels were estimated in all patients, irrespective of their previous history of diabetes, from the third state onward. This was done in order to simplify the study protocol.
Definition of disease
The American Diabetes Association guidelines 14 were used for diagnosis of ''new'' diabetes cases. In the pilot phase conducted in the state of Maharashtra, patients without previously reported diabetes who had RBS ‡ 200 mg/dL or OGTT ‡ 200 mg/dL were considered as ''new'' cases of diabetes mellitus. Patients with missing RBS or OGTT values and without a previous history of diabetes comprised ''unknown'' cases. Those with ''nondiabetes'' were the sample remainder minus the ''known,'' ''unknown,'' and ''new'' cases of diabetes. After the pilot phase, ''new'' cases were defined as patients who had no previous history but had FPG levels ‡126 mg/dL during testing. ''Unknown'' and ''nondiabetes'' were defined as earlier but using FPG levels instead. A patient whose diabetes status was not known and had either RBS/ OGTT levels between 140 and < 200 mg/dL (for Maharashtra) or FPG levels between 100 and < 126 mg/dL was defined as having ''prediabetes.'' Hypertension, in ''known'' as well as ''new'' cases, was classified as per the recommendations of the 7 th Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure. 15 Patients without previously reported hypertension who, at the time of V1, had a systolic BP ‡ 140 mm Hg or a diastolic BP ‡ 90 mm Hg were considered as ''new'' cases. Consequently, patients without a previous history of hypertension with systolic BP <140 mm Hg and diastolic BP < 90 mm Hg were considered as having ''nonhypertension.'' Patients who had systolic BP 120-139 mm Hg or a diastolic BP 80-89 mm Hg were classified as having ''prehypertension.'' Isolated systolic hypertension (ISH) was defined as systolic BP ‡ 140 mm Hg and diastolic BP £ 89 mm Hg, whereas isolated diastolic hypertension (IDH) was defined as diastolic BP ‡ 90 mm Hg and systolic BP £ 139 mm Hg.
Statistical analyses
Based on an expected prevalence of 15% for diabetes 16, 17 and a dropout rate of 39%, it was estimated that 2,000 patients per state needed to be enrolled to ensure a 95% confidence on the actual prevalence. Thus, a total of 20,000 patients in 10 states were targeted for recruitment.
Descriptive statistics using mean, SD, and range was used for analyzing continuous variables like age, whereas frequency and percentage were used for describing categorical variables like gender and disease prevalence. Comparative analysis between groups was conducted using two-tailed Student's t test and v 2 test. The Wilcoxon-Mann-Whitney test was used to compare non-normal variables between two groups. A value of P < 0.05 was considered to have statistical significance. All statistical analyses were conducted using SPSS version 18 (IBM, New York, NY).
Results
Demographics
The SITE study recruited a total of 15,662 patients from 807 centers in eight states: Maharashtra, Delhi, Tamil Nadu, West Bengal, Karnataka, Andhra Pradesh, Gujarat, and Madhya Pradesh. Of these, 14,192 (90.6%) patients completed the evaluations carried out at V2. Given a lower than anticipated dropout rate as well as time and budget constraints, recruitment was terminated after the eighth state, and the data gathered were deemed to be sufficient and statistically substantial enough to represent the diversity in the general population.
The study population (n = 15,662) had more males (54.8%, n = 8,579) than females, and mean age was 48.9 -13.9 years. About three-fourths (74.2%, n = 11,622) of the patients were 40 years or older, and 24.4% (n = 3,816) were 60 years and above. The mean systolic and diastolic BP of the patients was 128.8 -15.9 mm Hg and 82.5 -8.9 mm Hg, respectively.
As shown in Table 2 , almost one-fourth of the patients had a familial history of diabetes (24.5%, n = 3,836) and hypertension (23.2%, n = 3,641). A previous history of ischemic heart disease, myocardial infarction, and stroke was reported in 473 (3.0%), 245 (1.6%), and 132 (0.8%) of the patients, respectively. In total, 1,784 (11.4%) patients were or had been smokers. Alcohol consumption and non-vegetarian diet were reported in 1,514 (11.0%) and 8,502 (61.5%) patients, respectively.
Prevalence of diabetes
In total, 5,427 (34.7%) patients in the study had diabetes with 4634 (29.6%) ''known'' cases. Among those whose disease status was not known, 7.2% (793 of 11,028) patients were newly diagnosed with diabetes, and 18.4% (2,031 of 11,028) were classified as having prediabetes (Table 2) . Mean duration of diabetes in ''known'' cases was 7.0 -6.2 years. The difference in mean duration between males (7.3 -6.6 years) and females (6.6 -5.6 years) with diabetes was statistically significant (P = 0.031). Type 2 diabetes was the most common among the ''known'' cases, reported in 96.1% (4,452 of 4,634) 10 JOSHI ET AL. patients. Maharashtra had the highest percentage of ''known'' cases (36.9%, n = 679), whereas Gujarat had the lowest (21.5%, n = 464). It is interesting that Gujarat had the highest proportion of ''newly'' diagnosed cases (9.4%, n = 160). Tamil Nadu had the highest proportion of overall number of subjects with diabetes (40.3%, n = 795), whereas Gujarat had the lowest (28.9%, n = 624). Table 3 shows the comparison between subjects with and without diabetes. With a mean age of 54.5 -11.5 years, those with diabetes were significantly older (P < 0.0001) than those without diabetes, who had a mean age of 45.9 -14.1 years. Age distribution of the patients was significantly associated with diabetes status (P < 0.0001), and the highest number of subjects with diabetes was seen in the age group 50-59 years (32.8%, n = 1,781). A higher proportion of those with diabetes than those without diabetes had a personal history of ischemic heart disease, myocardial infarction, and stroke and a familial history of diabetes and hypertension, and this difference was significant (P < 0.0001). A higher proportion of those with diabetes than those without diabetes were consuming a nonvegetarian diet (63.1% vs. 60.6%; P < 0.05).
Prevalence of hypertension
Almost half (46.0%) of the study patients were hypertensive (Table 2) . Of the 7,212 reported cases, 4,804 (30.7%) were ''known'' cases. Among those whose disease status was not known, 22.2% (2,408 of 10,858) patients were newly diagnosed with hypertension, and 60.1% (6,521 of 10,858) were classified as having prehypertension (Table 2) . Mean duration of hypertension in ''known'' cases was 6.4 -5.9 years with no significant difference between males and females. Prevalence of ISH was 7.7% (1,209 patients), 14.5% (693 patients), and 4.8% (516 patients) among the overall population, ''known'' cases, and ''new'' cases, respectively. Similarly, prevalence of IDH was 11.4% (1,780 patients), 12.8% (616 patients), and 10.7% (1,165 patients) , respectively.
Overall prevalence of hypertension was the highest in Maharashtra (56.4%, n = 1,038) and the lowest in Karnataka (32.1%, n = 636). Maharashtra also had the highest proportion of ''known'' cases of hypertension at 41.4% (n = 763), whereas the highest percentage of ''new'' cases was reported in Andhra Pradesh (26.0%, n = 337). Hypertensive females tended to have a familial history of the disease (P = 0.0002).
A comparison between those with and without hypertension is provided in Table 4 . The mean age of hypertensive patients was 53.8 -12.6 years and was significantly older (P < 0.0001) than that of patients without hypertension (44.7 -13.6 years). The age distribution of the patients was also associated (P < 0.0001) with hypertension status, with highest proportion of hypertension seen in the 50-59-year age group (28.9%, n = 2,081). A higher proportion of those with hypertension than those without hypertension had a personal history of ischemic heart disease, myocardial infarction, and stroke and a familial history of diabetes and hypertension, and this difference was significant (P < 0.0001). Alcohol consumption was positively associated with hypertension status (P = 0.0001) as was a vegetarian diet (P = 0.014).
Co-prevalence of diabetes and hypertension Table 5 shows the co-prevalence of diabetes and hypertension in the SITE study. A total of 3,227 (20.6%) of the study patients had both diabetes and hypertension, with the highest number reported in Maharashtra (28.8%, n = 531) ( Table 2) . Of the 7,212 patients with hypertension, diabetes was coincident in 3,227 (44.7%) patients. In a similar calculation, of the 5,427 patients with diabetes, hypertension was reported in more than half (59.5%) of the patients. When co-prevalent, diabetes and hypertension were preexisting in almost two-thirds (67.6%, n = 2,182) of these patients (Table 6 ). A total of 634 (19.6%) patients had previously reported diabetes and were diagnosed as a ''new'' case of hypertension. Only a small percentage of the patients (5.6%, n = 180) were a ''new'' case of both disorders.
Discussion
The SITE study was a descriptive registry with the main intention of estimating the prevalence of the twin epidemic of diabetes and hypertension in an urban, primary care, outpatient setting in India. The study was conducted in eight states, and the pooled analyses are from a representative sample of the Indian population.
Recent years have witnessed a rapid rise in the prevalence of diabetes and hypertension in India. This could be attributed to the increasing levels of sedentarism, urbanization, and consumption of energy-dense and fiber/micronutrient-poor food. Additionally, Indians have a high intake of salt. Some ethnic Indian foods like chutneys, papads, and pickles that are regular and popular household dietary choices increase daily sodium consumption and predispose the population to hypertension. 18 The prevalence of diabetes, either previously known or newly diagnosed in the course of the SITE study, was 34.7%. Previous epidemiological studies in India have shown an increasing trend in the prevalence of diabetes, with around 1% in 1995 to 13.1% in males and 11.3% in females in 2002. [19] [20] [21] This rise has been more pronounced in certain communities. In the Jaipur Heart Watch study, between 2004 and 2007, the incidence of diabetes rose from 17.7% to 25.9% in men and from 14.2% to 21.1% in women of the Punjabi community. 21 Although there was no significant difference in the prevalence of diabetes among males and females in the SITE study, it does bolster the case that diabetes cases are on the rise in India. It must be noted here that the diagnosis of ''new'' diabetes was made through RBS/OGTT values in the pilot phase, whereas FPG levels were used for the rest of the study. This transition was made for the exclusive purpose of logistic ease of testing and patient convenience and was not thought to have any bearing on the diagnostic capacity of either test. Moreover, either of these tests is recommended by the American Diabetes Association for diagnosis of diabetes. 13 The prevalence of previously known diabetes was different in various states and ranged from 21.5% in Gujarat to 36.9% in Maharashtra. It was interesting to note that the highest number of newly diagnosed cases was from Gujarat (9.4%). Our study also showed a prevalence of prediabetes in 18.4% of the study population. Prediabetes, as defined by an impaired glucose tolerance, has been reported to be 5.2-14.6% in various Indian studies. 2, 16, 22, 23 A recent prospective study showed that about 40% of those with prediabetes progress to full-blown diabetes, 24 underscoring the clinical importance of our finding.
Almost half the patients in our study had hypertension. This corroborates the findings of a previous study, 21 which showed a prevalence of hypertension of 51% in the study population. ISH, a potent risk factor for stroke, cardiovascular disease, and renal failure, represents the most common form of hypertension among the elderly. On the other hand, IDH is generally more pronounced in those with hypertension who are less than 50 years of age. In our study population, we discovered that the prevalence of ISH was at 7.7%, whereas that of IDH was 11.4%. The higher prevalence of IDH can possibly be attributed to the fact that 51.3% of the study population was under the age of 50 years. In contrast, only about one-fourth of the population was over the age of 60 years. Further age-stratified analysis of prevalence of ISH and IDH will lead to a better understanding of the actual scenario.
As seen in subjects with diabetes, the percentage of hypertensive patients varied from state to state, with the highest prevalence of known cases in Maharashtra (41.4%). Various regional studies in India have put the prevalence of prehypertension in the range of 31-54%. [25] [26] [27] [28] In accordance with these reports, our study reported prehypertension in 60.1% of patients. This finding is clinically important because those with prehypertension have a greater chance of developing hypertension. 25 In our registry, diabetes and hypertension were co-prevalent in around one-fifth of the patients. Although this is lesser than previously reported values, which are in the range of 42-62%, [29] [30] [31] it is substantial enough when its impact on health outcomes is taken into consideration. Most patients with both diabetes and hypertension were ''known'' cases, but the next highest number was that of subjects with known diabetess who were newly diagnosed with hypertension. In accordance with previous reports, almost half of the hypertensive patients had diabetes, whereas more than half of those with diabetes had hypertension. Familial history has been known to predispose people to diabetes and hypertension. In our study, 37.6% and 25.0% of those with diabetes reported a familial history of diabetes and hypertension, respectively, and these significantly differed from subjects without diabetes. Similarly, the difference between those with and without hypertension reporting a familial history of either diabetes or hypertension was statistically significant. Despite smoking being accepted as a strong risk factor, our study could not discern a significant association between smoking and prevalence of diabetes or hypertension. Alcohol consumption and diet are also established high-risk factors for diabetes and hypertension. In our study, we observed an association between alcohol consumption and hypertension status. It is interesting that with respect to diet, vegetarianism was reported more often in those with hypertension, whereas those with diabetes predominantly had a non-vegetarian diet. An interesting exception to this last observation is the lower than average prevalence of diabetes in patients from West Bengal, who predominantly have a non-vegetarian diet. The Asian Indian diet is predominantly vegetarian, and occasionally, a few times a week, non-vegetarian food like eggs, fish, and chicken is eaten; red meat is rare. The vegetarian Asian Indian diet has a high glycemic index and thus has a higher area under the curve for glucose excursion, with larger postprandial peaks. These factors contribute toward a higher prevalence of diabetes within the Indian population. 32 The SITE study does have limitations. It is a clinic-based study conducted in urban metropolitan townships. Although, many of the townships cater to patients from rural and tribal India, this would probably account for < 5% of the study population. Hence, the observations and conclusions of this study cannot be extrapolated to the general population, especially the one that lives outside urban and semi-urban zones. Additionally, we did not stratify patient recruitment by time blocks: because subjects with diabetes and hypertension have a higher propensity of visiting physicians earlier in the day, this could have led to a bias. These shortcomings of sampling techniques could thus interfere with estimation of accurate prevalence rates. The diagnosis of hypertension was made based on a measurement during a single time point without any confirmation during the second visit. Subjective risk factors like diet, smoking, and alcohol consumption need to be evaluated in depth to impart validity to their observed association to disease conditions. In our study, we only evaluated their coincidence with the disease condition, and thus the association can only be interpreted as general. Despite these shortcomings, the SITE study provides valuable information from a large population representative of India. This can be useful for improving the awareness and management of diabetes and hypertension as well as in formulation of policies and guidelines.
